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(54) CnOCOB HEHHBA3HBHOfO OnPEflEJIEHMfl KOHI4EHTPAI4MM rjlK)K03bl 



(57) Pe4>epaT: 

M3o6peTeHne othocmtca k o6nacTW 
MeAvit4ViHbt, a mmbhho k HenHBa3MBHOMy 

MOHMTOpMHry KOHI48 HTpai4M M mK)K03bl B KpOBH 

MenoBera. Onpefle/isioT KOHijeHTpaijMK) rnK>K03bi 

B KpOBH C nOMOlUbK) M3MepMTe/lbHOrO 

ycTpoMCTBa, npw stom npoBOAflT HenpepbiBHbiB 

MOHMTOpMHr KOHL\8HTpaL|M M niK>K03bl B KDOBM 

nyTew vi3MepeHM« b o6nacTM noBepxHOCTHbix 
BeH ronoBbi Tennosboc noTOKOB a3tmmkom 
M3MepnTeJibHoro ycTpovicTBa, a KOHi^eHTpai^MK) 
rnioK03bi (Xg*) onpeflennioT no 4>opMyjie 
X g *=Xi* + X 2 *, r A e X^= W^sJXt*, 
X 2 *=K n W m (s)Xn*, tab Xj* - 6e3pa3MepHoe 
OTKnoHeHMB TeMnepaTypw ot ycTaHOBMBwerocH 
3HaMeHHA, Xn* • 6e3pa3MepHoe oTKnoHeHwe 
TerinoBoro noTOKa ot ycTaHOBMBiuerocfl 



3HaMeHM«, W- m (s)=1/(T Tn s + 1) - nepeAaTOMHaa 
c{jyHKi^Mfl KOHLteHTpaqnM rnf0KO3bi b KpOBM no 
TeMnepaType m TennoBOMy noTOKy, Tyn - 
3KcnepMM6HTanbH0 onpe A enfl6Mafl nocroflHHaa 
BpeMeHM nepexoflHoro npoqecca, Kn 
3KcnepMMeHTanbHO onpeAenaeMbiH 
6e3pa3MepHbiM K03<fxfcMi4KeHT, s=d/dt - onepaTOp 
AM4x|)epeHi4MpoBaHM«. B KanecfBe astmmkob 
TeMnepaTypw Mcnoxib3yK)T Z - Tepiwicropbi, 
KOTopwe npMHCMMawT k noBepxHocTM ronoBbi c 
noMombK) ynpyroro anewieHTa n mompyKn ot 
BHeiiiHeM cpeAbi TennoBOM M3on«i^MeM, a 
cvimanM3ai4Mio o KOHueHTpai^MM rnioK03bi 
ocymecTBn«K)T c nowoinbio TOHartbHoro cMmana 
m AMcnnen. Cnoco6 o6ecneMMBaeT noBbiuieHMe 
TOMHOCTM onpeAeneHM« KOHLjeHTpai^MM rnjoK03bi 
b KpoBM. KpoMe Toro, oh npocT b McnonHeHMM. 
2 3.n. cjwiu, 2 Mil., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 



(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
involves determining blood glucose 
concentration by means of measuring 
instrument. Continuous blood glucose 
concentration monitoring is carried out by 
measuring heat flows in the area of head 
superficial veins by means of measuring 

instrument transducer. Glucose concentration 
((X9)) is calculated from a formula = XT+X^, 
where XT = W Thf (s)Xf, X$ = Kh^ Th <s)XRf„ 
where Xf - the dimensionless temperature 
from steady state value, Xw - the 
dimensionless heat flow deviation from 



steady state value, Wjhrfs) = V{J m x S+1) is 
the transition function of blood glucose 
concentration with respect to temperature 
and heat flow, l m is the experimentally 
stated transient process time constant K hf is 
the experimentally stated dimensionless 
coefficient, s = d/dt is the differentiation 
operator. Z- thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 
cl,2dwg,2tbl 
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H3o6peieHne othocmtcr k o6nacTM 

MeflMLtHHbt, a MMeHHO K HeU H B33M BHOM y 
MOHMTOpHHry KOHUeHTpai^MM miOK03bl B KpOBH. 

B Hacroflujee BpeMfl c nenbio AHarHocrrwKM 
caxapHoro py\a6eia onpeflenaraT koh LjeHTpa i\mk> 
rniOK03bi b KpoBki MenoseKa nn6o nyTeM 
npoBeAeHMfl 6noxnMiiMecKoro aHann3a 
neKOToporo KonvmeciBa B3RTOM y nai^ieHia 
KpoBM b ycnoBunx icnwHUMecKoft naoopaTopMM, 
nn6o c noMoi^wo npn6opa rnioKOMeTpa, 

CHa6»eHHOTO MyBCTBMTenbHOM K r/lK)K03e KDOBM 

TecT-nonocKotf c noMemeHHofl Ha hbm Kannetf 
kpobm nai^nem-a (MHBa3MBHbiM motoa) (JIT. 
Ma3oeeL4KMM, B.K. EenKKOB. CaxapHbiM py\a6ei, 
M.: MeAHUMHa, 1987). Ha ochobbhhm 
pe3ynbTaT0B onpeAeneHMfl KOHLjeHTpatiMM 

rnK>K03bl B KpOBH ynOMRHyTblM mbtoaom 

AwamocTVipyiOT caxapHUM AwaoeT. 

3tot MeTOA ocHosaH Ha Heo6xoflMMOCTM 
3a6opa KpoBM y naijneHTa. 

H3BecreH cnocoo" An* HeuHBa3tiBHoro. 
onpeAeneHMJi rnioK03bi b nacTRX MenoBeMecKOK) 
Tena (naieHT CUJA 5.795.305 ot 18.08.98 US 
Class 60/549; 600/316). Cnoco6 ocHOBaH Ha 
onpeAe/i8HMM c nOMOLUbK) M3MepnTejibHoro 
ycTpoiicTBa TeMnepaTypu n TennoM3nyMeHM« 
MejioBeMecraro Tena (Ha noBepxHOCTM m b 
nonocrnx Tena) m HanMMMM KoppenflijMM MewAy 
KOHL^eHTpai^neii m»oK03bi b kdobm m 
TewinepaTypofi Tena. CooTBeTCTBywu^iM 
anropMTM no3BonaeT . npeo6pa30BaTb AaHHbie, 
nonyMeHHbie npn M3MepeHHH TeMnepaTypbi, b 
3HaseHMfl KOHqeHTpat^MH rniOK03w a Macrnx 
MenoBeMecKoro Tena m b kpobm. 

HeAOCTaTKOM 3toto cnoco6a HBnaeTca 
HeflocTOBepHocTb onpeAeneHMR TeKyu^ew 
KOHueHTpai^Mw rn»OK03u b kpobm MenoBeKa. B 
nepByio owepeAb, 3to csn3aH0 c 
ncnonb30BaHneM 4>eHOMeHonorMMecKM He 
ooocHOBaHHoro anropMTMa cb*3m AMHaMMMecKMX 
napaMeTpoB M3MepeHMfl - TeMnepaTypbi, 
Tennon3nyHeHMR m koh LjeHTpaLjM m rmoK03bi, 
ocHOBaHHoro Ha ycraHOBneHM m Koppen«mioHHbtx 
3aBMCMMOCTefl nepeMeHHboc Ha 6a3e nMHefinoro 
perpeocMOHHoro aHanM3a. 3tot anropMTM He 
onMpaeTCfl Ha MaTeMaTMMecKyio MOAenb 
yrneBOAHoro o6MeHa, He ynMTWBaeT BnMRHMH 
MHAMBMAyanbHbix (JjataopoB Ha M3MeHeHMH 
TeMnepaTypw. AnropMTM CB«3bmaeT TonbKO 
TeKymy»o KOHi^eHTpai^MK) rnioK03bi b kdobm c 
TeKymeft TeMnepaTypoM m He no3BonaeT 
ocymecTBnuTb ynpe)KAaioiAyio CMmanM3at4MK) 06 
onacHbtx KOHL^eHTpauMSx rnjoKoaw b kdobm. 
KpoMe Toro, b yica3aHH0M cnocooe m anropMTMe 
BblMMCneHMM H6 M3MepneTca M He Mcnonb3yeTCfl 
KOHAyKTMBHbiM totok Tenna ot Tena MenoBeKa. 

HaMobnee 6nM3KMM aHanoroM (npoTOTMnoM) 
RBnaeTCfl cnoco6 HeMHBa3MBHoro wsMepeHMR 

KOHL^eHTpai^MM m»0KO3bl B KDOBM, 

npeAycMaTpMBaraunuft oonyneHMe KpoBeHOCHbix 
cocyflOB KonnMMMpOBaHHbiM M3nyneHMeM 
nonynpoBOAHMKOBoro naaepa, b kotodom 
perMcrpM py K>T nornoineHHoe, pacceflHHoe m 

AMC|x}Dy3MOHHO 0Tpa)KeHH06 KDOBbK) M3nyMeHMO 
M3MeDMTenbHblM yCTDOMCTBOM, BKnJOMaiOlAMM 

6noK MHrerpaqMM, AereKTop, noAKntOMeHHbiM k 
aHanoro-4M(|)poBOMy npeo6pa30BaTenio, 
AMcnnefi m ap. (RU 2122208 C1, ten. G 01 N 
33/49, A 61 B 5/00, n.20.11.98). 

M3BecTHbjft cnocod-npoTOTMn no3BonpeT 

OCyU^eCTBn5TTb HeMHBa3MBHOe M3MepeHMe 
KOHUeHTDai^MM rnK)K03bl B KDOBM, ^TO HBmieTCfl 
HeCOMHeHHbtM AOCTOMHCTBOM, HO MMB8T p«A 

HeAOCTaTKOB: 

1) OTnMMaeTCfl cno>KHOCTbK3 KOHcrpyia^MM 



Mcnonb3yeMoro ycTpOMCTBa m cnoKHOCTwo ero 
npMMeHeHMa; 

2) He no3Bon«eT AOCTMMb KenaeMoS 

TOMHOCTM npM M3MepeHMM KOH^HTpaiJMM 

rn>OK03bi b kdobm; 
5 3) He no3BonneT ocymecTBrwTb 

ynpe>KAa»omyio cwmanMsa^K) 06 onacHbix 
HapymeHM«x yrneBOAHoro o6MeHa - noporoBbix 

nOBblLUeHMM MnM nOHHWeHMM KOHueHrpai^MM 

rmoK03W b kdobm; 
10 4) He no3BonjieT ocyiAecTBnjrrb 

HenpepwBHbifi mohmtopmhf KOHueHTpaqMM 

mK)K03bI B KDOBM. 

3aAaMeM npeAnaraeMoro M3o6peTeHM« 
flBnneTCfl co3n,aHue H6MHBa3MBHoro cnoco6a 
onpeAeneHMn KOHLje HTpa 14M m rnK)K03bt b kpobm, 

15 KOTOpblfl n03BOnfl6T nOBWCMTb TOMHOCTb 

onpeAeneHMH, ocymecTBnRTb HenpepbiBHbii^ 

MOHMTOpMHr KOHl^eHTpai^MM mK)K03bl B KDOBM, 

ocymecTBnRTb ynpe^KAatouiyio CMmanMsai^Mio 06 
onacHbix HapyuieHMRx yrneBOAHoro o6weHa - 
noporoBbix noBbiureHMM MnM noHM^eHMM 

20 KOHL^eHTpai^MM (TIK)K03bl B KDOBM, M 6yfleT 
OTnMMaTbCfl npOCTOTOfl M HaAe)KHOCTbK). 

PeiueHMe nocTaBneHHofl 3aAaMM AocTMraeTCfl 
npeAnaraeMbiM cnocoooM HeMHBa3MBHoro 
onpeAeneHMn KOHLfeHTpai^MM rniOK03bi b kpobm, 
BwuwaioiAMM Mcnonb3oaaHMe M3MepMTenbHoro 
25 yCTpOMCTBa, B kotopom npoBOAflT HenpepbiBHbiM 

MOHMTOpMHr KOHl^eHTpaLJMM mK3K03bl B KDOBM 

nyTeM M3MepeHM« b o6nacTM noBepxHOCTHbix 
BeH ronoBbj TeMnepaTypbi Tena m KOHAyKTMBHbDC 
TennoBbix noTOKOB c noMOUjbio asthmkob 
2q M3MepMTenbHoro ycTpoMCTBa, a KOHMeHTpai^Mio 
rniOK03u (X"g) onpeAen«K)T no cJx)pMyne: 

X*g=X* 1 +X*2, 

r fl e X* 1 =W T n(s)X* T , X* 2 =KnW Tn (s)X*n, 

rAe X* T - 6e3pa3MepHoe OTicnoHeHMe 

TeMnepaTypw ot ycTaHOBMBLuerocn 3HaMeHMa, 
35 X*n - 6e3pa3MepHoe OTKnoHeHMe TennoBoro 

noTOKa ot ycTaHOBMBiuerocn snaMeHMn, 

WTn(s)=1/(TTnS+1) - nepeAaTOMHan <by\m\vw 

KOHi^eHTpai^MM mtOKosw b kdobm no TeMnepaType 

m TennoBOMy noTOKy, 
40 Kn - 3KcnepMMeHTanbHO onpeAenseMbiM 

6e3pa3MepHbiM Koa^x^ML^neHT, 

s=d/dt - onepaTop AMc|xt)epeHi4MpoBaHMfl, 
Tjn - 3KcnepMMeHTanbH0 onpeAenneMafl 

nocTORHHan BpeMeHM nepexoAHoro npoqecca. 
B KanecTBe AaTMMKOB TeMnepaTypbi 

Mcnonb3y»OT Z-TepMMCTOpbl. KOTOpblB (jMKCMpyiOT 

Ha noBepxHOCTM ronoBbi c noMombio ynpyroro 
sneMeHTa m M3onMpy»OT ot BHeiuHeM cpeAbi 
TennoBOM M3onni4Me«. 

CMmanM3ai4MK) o KOHi^eHTpai4MM rn»0K03b» 
$q ocymecTBnfliOT c noMou^io TOHanbHoro CMmana 
m AHcnnea. 

npeAnaraeMbiM cnoco6 6bin pa3pa6oTaH Ha 
ochobb TeopeTMMecKMX m 3KcnepMM8HTanbHbix 
MccneAOBaHMfi npoi^ecca 6MOXMMMHecKoro 
npeBpaLi^eHMR rniOK03bt b kpobm MenoseKa c 

55 noMoiAbK) M3MepeHMM TeMnepaTypw m TennoBwx 
noTOKOB B6nM3M ronoBHoro Mosra b o6nacTM 
noBepxHOCTHbix BeH ronoBbi, to ecrb b o6nacTRX 
MaKCM ManbHO npw6nwKeHHbix k 

SHepreTMMecKOMy MCTOMHMKy MHTeHCM BHoro 
6m oxm MMMecKoro npeBpameHMfl rniOK03bi - 

60 ronoBHOMy M03ry. B ocnoBy 3tmx m ccneAOBaHM m 
6binM nonojKeHbi M3BecTHbie 

4>eKOMeHonorMMecKMe npeAcraBneHMR 06 
onpeAenaKxneM ponM t^eHTpanbHOM HepBHofl 
CMcreMbi b ooecneHMBa»oiAeM Heo6xoAMMbiM 
ypoBeHb aKTMBHOCTM ooMeHHbix npoi^eccoB 
ynpaBneHMM MeTa6onM3MOM KneTOHHbix 



o&beMOB BHyTpeHHMX opraHOB Tena 
nocpeflCTBOM perynMpoBaHwn MHTeHCMBHocrw 
m»OK03Horo ODMeHa m TeMnepaTypbi npoTeKaHMfl 
6noxMMMHecKnx npeBpatneHMM rnioKosbi b 
opraHM3Me MenoBeica m, b MacTHOCTM, b ero 
rojioBHOM M0317 (r.YnbMep, O.Ba/ibAeK, O.TapT, 
T.TeBC. <t>M3MonorMR MenoaeKa. - M.: Mnp, 
1986, t.4, 312 a). Cbhsm stmx npoi^eccoB 

MO)KHO npeflCTaBHTb B BMflB <J)yHKLlMOHanbHOfl 

cxeMW (cm. cfw.1). ripn 3tom npeAnonaranocb, 
hto 3aAaHHoe ijeHTpanbHOM HepBHOM CMCTeMofi 

3HaH8HWe KOHL46HTpat^M M ITUOK03bl B KpoBM 

ycTaHaB/iMBaeTC« no oKOHMaHMM cBoficTBeHHoro 

6onbUJHHCTBy AMHaMMMeCKMX xapaKTepMCTMK 

opraHW3Ma MenoBeica anepMOflnnecKoro 
nepexoflHoro npoi^ecca . (K).F.Ahtomohob, 
C.W.KeqbopeHKO, H.A.MnKynbCKaa, 
H.K.IIapoKOHHafl. MaTeMaTMMecKa* Teopw« 
cucTeMbi caxapa kpobm. - KneB: HayKOBa Ay Mica, 
1971, m. 2, SneMeHTbi TeopMM, c. 15-26. ). 
ripn nposeAeHMM nccneAOBaHMM npuMeHeHa 
KOMnwoTepnafl o6pa6oTKa nonynaeMbix 
3KcnepnMeHTanbHbix AaHHbix Ana HaxoatAeHMfl 
B3anMocBH3n T3KMX napaMeTpoB npoijecca, KaK 
3HaMeHMfl TeMnepaTypbi, TennoBoro noTOKa, mx 

npOM3B0AHbDC M BpeMeHHOrO CMeU^eHMfl 

AHHaMMMecKHX 3HaMeHMft TeMnepaTypbi m 
KOHi^eHrpaL^M rniOK03bi b kdobm npw 
nepexoAHbix npoLjeccax. 

fl pmhljm nua/ibHbiM pe3ynbTaTOM 
npoBeAeHHbix MccneAOBaHUM, HBn*eTca 
odhapyweHMe cfcyHKijKOHanbHOM cb«3M 

KOHL^eHTpaL^MM m»0K03bl B KpOBM G C 

TeMnepaTypoM T, TennoBbiM noTOKOM F npn 
BbipaweHHOM npoflBneHMM npuHi^wna 
ynpejKAaiou^ero ynpaBneHMH, pe3ynbTaT0M 
KOToporo ABnneTca onepe>KaK>inee M3MeHeHne 
TepMMMecwix napaMeTpoB npw 

COOTBeTCTByiOlHeM M3MeHeHMM ypOBHfl 
KOHL^eHTpai^MH miOK03bl B kdobm: 

G(t) = 4Tr(t-r),F(t-T)) ( 

rAe t- BpeM« onepe>KeHMfl. Ha ocHOBe 
SKcnepMMeHTanbHoro oocneAOBaHMH nai^neHTOB 
ycTaHOBneHO, mto BenMHMHa x cocTaBnneT 
nopHAKa 10-30 MMHyT m sto 03HaHaeT, hto 
npeAnaraeMbiM cnoco6 no3BonaeT c BpeMeHHbiM 
onepe>KeHMeM 10-30 MMHyT npomo3MpoBaTb 

M3MeHeHM6 KOHI4eHTpaL\MM mtOK03bl B KDOBM M 

cMmariM3MpoBaTb 0 npM6nMkeHMM onacHbix 

COCTOflHMM miOK03HOrO o6M8H3. 

Bbino ycTaHOBneHO, hto M3MepeHMe 
TepMMHecKMX napaMeTpoB b oonacrM rbnoBHoro 
M03ra (b oonacTM noBepxHOCTHbix bqh ronoBbi) b 

OTJ1MHMQ OT M3MepeHMM B ApyrMX MaCTflX 

MenoBeHecKoro Tena AaeT 6onee AOCTOBepHyio 

MHCjXjpMai^MK), TaK IC3K nDM 3TOM ycrpaHaeTCH 

AononHMTenbHoe bom^hh© Ha pe3ynbfaTbi 

M3MepeHMM CnO)KHblX 6MOXMMMHeCKMX nponeccoB 

npeo6pa30BaHMM oenKOB m >KMpoB. 

B pe3ynbTaTe npMMeHeHMfl cnocooa 6bino 
o6Hapy)KeHo BnMmwe Ha M3MepneMbie 
TepMMHecKMe napaMeTpbi HeKOTopbix 
MHAMBMAyanbHbix cfcaiaopoB (o6ihmR TOHyc 
opraHMSMa naijMeHTa, ncMXonorMHecKoe m 
qbM3MHecKoe HanpfOKeHue, HahpfDKeHHbiM 
MbicnMTenbHbift npoqecc, HanpwKeHHocrb 
cnyxoBboc m 3pMTenbHbix ueHTpoB npM 
MHreHCMBHOM BOcnpMflTMM MHqbopMaijMM M T.n.). 
flna yneTa noAoOHbix cfjaicropoB npM BbNMcneHMM 
ko HL^eHTpa m rnK5K03bi KpoBM npoBOAMnacb 
npeABapwTenbHaw nepcoHanbHaw KariM6poBka 
ycTpoMCTBa Ann KOHKpeTHoro na^MeHTa c ijenbio 
ycraHOBneHMR cooTBeTCTByroiAMX nocToqHHbix 
anropMTMa, yHMTbiBaioinMX MHAMBMAyanbHoe 
B/iMWHMe yica3aHHbix cJ)aKTopoB Ha pe3ynbTaTW 



onpeAeneHMfl KOHL^eHTpauMM rmoK03bi b kdobm. 

flna AOCTOBepHoro npeo6pa30BaHM« . ■ 
M3MepeHHbix BenMMMH TeMnepaTypbi m TennoBoro 
noTOKa b 3HaneHMfl KOHi^eHTpai^MM rnK)K03w 
KpoBM nenoBeKa pa3pa6oTaH qbyHKUMOHaxibHbiM 
5 anropMTM G= ^?(T, F, Wi), nocTpoeHHbiCi Ha 

OCHOBO 4>yHKt4MOHanbHblX CBfl36ft, 

onpeAenneMbix b pe3ynbTaTe peiueHMfl CMCTeMbi 
AMqbc|)epeHi4ManbHbix ypaBHeHMM, onMCbiBaioiUMX 
AMHaMMKy paccMaTpMBaeMoro npoi^ecca c 
10 yneTOM MHAMBMAyanbHbix qbaKTopoB (Wj), 
BnMAHMe KOTopbix onpeAenaraT Ha ocHOBe 
nepcoHanbHOM Kann6poBKM CMCTeMbi M3MepeHMH 
Ann KOHKpeTHoro naqMeHTa c Mcnonb30BaHMeM 

MHB33MBHblX M6TOA0B M npMOODOB, nDOBOAMMOM 

c i^enbio bnpeAeneHMJ? 3aBMCMM0CTeM ot 
15 BpeMeHM TeMnepaTypbi, TennoBoro noTOKa m 
KOHneHTpai4MM rntoK03bi b kdobm, Heo6xoAMMbix 
Ann nocTpoeHMfl cfeyHKLiMOHa/tbHoro anropMTMa. 

CMCTeMa AMcjxfjepeHi^ManbHbix ypaBHeHMM 
AMHaMMKM nppi^eccoB M3MGHeHMfl TeMnepaTypbi, 
TennoBoro noTOKa m KOHqeHTpai^MM rnK3Kb3bi 
20 KpoBM b o6meM bmao mojkbt 6biTb npeACTaBnewa 
KaK 

X*g=X* 1+ X* 2 , 

rAeX* 1 =W Tn (s)X* Tt 
XVKnW Tn (s)X*n, 
25 X* g = AXg/Xgo - 6e3pa3MepHoe OTicnoHeHMe 

KOHUeHTpaLJMM miOK03bl B KDOBM OT 

ycTaHOBMBLuerocfl 3HaMeHM«, 

X*x= aXt/Xjo - 6e3pa3MepHoe OTicnoHeHMe 
TeMnepaTypbi ot ycTaHOBMBiueroc« 3HaMeHMfl, 
3Q X*n= AXp/Xno - 6e3pa3MepHoe OTicnoHeHMe 
TennoBoro noTOKa ot ycrraHOBMBiuerocn 

3HaM6HMfl, 

Xgo. X-po. Xno - ycraHOBMBUJMecfl 3HaHeHMJi 

COOTBeTCTBBHHO KOHLIGHTpai^MM m»OK63bl KpOBM, 

TeMnepaTypbi m TennoBoro noTOKa Tena: 
35 AXg=Xg-Xgo, aXt=Xt-Xxo, AXn=Xn-Xno. 

Xg, Xj t Xn - TeKymne 3HaMeHM« 
KOHi46HTpauMM rntOK03b! b kdobm, TeMnepaTypbi M 
TennoBoro notoKa, 

WTn(s)=1/(TTns+1) - nepeAaTOMHaw qbyHio^Mfl 
40 KOHLieHTpaijMM rnioKosbi b KpoBM no TeMnepaType 
m TennoBOMy noTOKy, 

Kn - 3KcnepMMeHTanbH0 onpeAenneMbift 
6e3pa3MepHbiK Koaqbc^Mi^MeHT, 

s=d/dt - onepaTop AMQ*xt>epeHi4MpOBaHMji, 

Tyn - SKcnepMMeHTa/ibHO onpeAenneMan 
45 nocTOAHHan BpeMeHM nepexoAHoro npouecca. ■ 

ripeAno>KeHHbiM cnoco6 noATBe p>kab h 
npMMepaMM. 

npMMep 1. ripOBOAMnMCb M3MepeHMfl 

TeMnepaTypbi m TennoBoro noTOKa HaA 
SO noBepxHocTHO^ seHofl ronoBbi v.jugularis 
externa m c Mcnonb30BaHMeM cjayHKUMonanbHoro 
anropMTMa BbiMMcn«nacb KOHijeHTpanMyi 
rniOKosbt b kdobm y 6onbHoro A. napannenbHo 
npoBOAMnMcb M3MepeHMfl KOHi4eHTpai4M m 
rnK0KO3bi KpoBM y 3Toro 6bnbHoro A^aoeTOM 
55 MHBa3MBHbiM npMOopoM ONE TOUCH. B Hanane 
ceaHca M3MepeHM« McnbiTyeMbift noooeAan. 
Pe3ynbTaTbi M3MepeHMM m pacMeTa npMBeAeHbi b 
Ta6nMije 1. 

nonyneHHoe BpeMfl 
onepexceHMfl x paBH^nocb 10 MMHyTaM. )Az 
60 cpaBHeHMfl pe3ynbTaTOB MSMepeHM^ 

KOHi^eHTpat^MM rn>0K03bi kpobm, onpeAeneHHbix 

npeAnoweHHWM CnOCOOOM M MHBa3MBHblM 

MeTOAOM, bmaho, mto ohm oTnMMaiOTC* He 6onee 
MeM Ha 10%. 

npMMep 2. npoBOAMnMcb M3MepeHM« 
TeMnepaTypbi m TennoBoro noTOKa HaA 



noBepXHOCTHOM BeHoii. ronoBbi v.jugularis 
externa m c ncnonb30BaHneM <J>yHKU,MOHanbHoro 
anropMTMa BbNucnRnacb KOHijeHTpaijMfl 
rnioK03bi b KpoBM y naqweHTa B, He crpaAafomero 
Awa6eTOM. riapannenbHO npoBOAMnncb 

M3MepeHMfl K0HL|eHTpai4MM r/lK>K03bt KpOBM y 

3Toro nai^weHTa MHBa3MBHbiM npn5opoM ONE 
TOUCH. B HaMaxie ceaHca M3MepeHMM 
McnbrryeMbiw Bbinwn crraicaH cnaAKoro Maa. 
Pe3ynbTaTbi M3MepeHMM m pacveTa npuBefleHW b 
Ta6nMU,e 2. 

BpeMH onepeweHMH t paBHR/iocb 14 
MMHyTaw. H3 cpaBHeHiin pesynbTaTOB 

H3MepeHMi^ KOHL4eHTpaUMM mK>K03bl KpOBM, 

onpeAeneHHbix npeAnoaceHHbiM MeTOflOM m 

MHBa3HBHblM MeTOflOM, BHAHO, MTO OHM 

0TnwaK)TC« He oonee MeM Ha 10%. 

nonyMeHHbie HaMM 3KcnepMMeHTanbHbie 
flaHHwe no3BonnriM npeAnoacMTb cnoco6 
ynpewAaiotneM cMmanM3au,MM 06 onacHbix 

COCTOHHKHX mK>K03HOTO 06MeHa, 

npMHi^MnwaribHO OTnMMaraiuMMca ot H3eecTHbix 
no noKanM3aujiM 30H n3MepeHMfl m anropMTMy 
nepecseTa M3MepeHHb« TeMnepaTypbi . m 
TennoBoro noTOKa b KOHueHTpau,M»o rnK>K03bi b 

KDOBM, no KOHCTpyKLIMH yCTpOMCTBa M 

AOcrviraeMOMy pesy/ibTaTy. 

Ha <Jwir. 2 npeACTaBneHa cxeMa ycTpoPicTBa 
f\ns\ peann3ai^in npeflnaraeMoro cnoco6a. 

YCTpOMCTBO COflepKMT npy>KMHHblM 

HaroxioBHHK 1, flamnK TeMnepaTypw n TennoBoro 
noTOKa 2 Ha ocHOBe anMa3Hbix TepMMCTopoB 
TA-1 c TennoBoft* monnnneft M3 snacTMMHoro 
MaTepwana neHononwypeTaHa Ha ynpyroM 
sneMenre 3, KOMnwoTepHbiM" MOAynb 4 
M3MepwTenbHoro ycTDOMCTBa Ha 6a3e HoyT-6yKa 
"CompacT c AwcnneeM 5 m ycTDOMCTBOM 
3ByKOBow CHmartM3at^iM 6. 

ripywiHHbiM HaronoBHMK 1 <£MKCMpyeT astmmk 
2 Hafl noBepxHOCTbio BeHW ronoBbi, HanpMMep 
v.jugularis externa, kotopwm npMJKMMaeTca m 
4)MKCvipyeTcn c TOMHocTbK) 0,5-2,5 mm ynpyrviM 
sneMeHTOM 3. flaTMMK M3MepfleT TeMnepaTypy h 
TennoBOM" noTOK m nepeAaeT pesynbiaTbi 

M3MepeHHM B KOMnbKOTepHblfi MOAynb 4, KOTOpbIM 

4>opMMpyeT pe3ynbTaTbi M3MepeHMtf Kan 
cj)yHKi4MH BpeMeHM, pemcTpupyeT hx b naMHTM m 
npeo6pa3yeT mx b 3HaMeHMH TeKymeM m 
npomo3npyeMoPi KOHueHTpau,MM rr»0K03bi kpobm, 
a Tatone onpefle/iRGT BpeMfl onepeweHMH t, 
nOCpeflCTBOM MCTIOnb30BaHMH 4>yHta^MOHa/ibHoro 
anropMTMa m Ha ochobb pe3ynbTaTOB 
npeABapMTenbHoii Kann6pOBKM, oTpaacaeT 
AaHHbie Ha Ancnnee 5 m (JaopMMpyeT aBytcoBOM* 
ynpe>KAa»ou^i« TOHanbHbift en man 06 onacHbix 
goctohhmhx rnK>K03Horo o6MeHa c noMoiUbto 
MOflynn sBVKOBofi cnmann3amiM 6. TennoBa* 
monnuyin m snacTMMHoro Maiepnana 3amMinaer 

A3TMHK OT B03fle M CTBM H BHeLUHeM CpeAbl H 
yBenMMMBaeT TOHHOCTb M3MepeHM«. yCTDOMCTBO 

Tpe6yeT nepMOAMHecKotf (1-2 pa3a b HeAenio) 
oqeHKM m npn Heo6xOAMMOCTM KOp peKTM poB KM 
Kann6poBKM nepcoHa/ibHO Ana KOHKpeTHoro 
nai^MeHTa, b pe3ynbTaTe nero onpeAenniOT 
3MnMpMMecKMe nonpaBOHHbie Kosc^Mu^ieHTbi, 

KOTOpbte BBQA^TCfl B KOMnbtOTepHbtM MOAynb 4 M 

yTOMHHHDT HacTpoMKy ycTDOMCTBa ynpe>KAaK)u;e^ 
CMmanM3ai4MM Ha Tpe6yeMbie ypoBHM ee 
cpa6aTbiBaHM«, cooTBeTCTByjou^ie, HanpMMep, 

3HaMeHMHM KOHl^eHTpaU^MM mK>K03bl B KDOBM 4 

MMonb/n (hmxhmm ypOBeHb) m 8 MMonb/n 
(BepXHMM ypoBeHb). Oi4eHKy KanM6poBKM 

npoBOAHT nyTeM M3wepeHM« KOHi^eHTpau^iM 

rnK)K03bi a kpobm nau>ieHTa KaKMM-/iM6o 

MHBB3MBHbtM miOKOMeTpOM Mepe3 BpeMfl OT 



MOMeHTa cpa6aTWBaHM* cMrHanM3ai^MM, paBHoe 
onpeAeneHHOMy npM nepBOHananbHOM 
KanM6poBKe BpeMeHM ynpe>KfleHMfl x, 
CBOMCTBeHHOMy opraHM3My 3Toro nai^MeHTa, m 
cpaBHeHMfl noKa3aHHoro na AMcnnee ycrpoMCTBa 

3HaMeHMfl KOHUeHTpai^MM rnK)K03bl B KDOBM c 
nOKa33HMeM MHB33MBH0ro mroKOMeTpa. 
KoppeKTMpOBKy KanM6pOBKM M HaCTDOMKM 

CMmanM3ai^MM npoM3BOA«T b tom cnynae, KorAa 

pa3nMMMe nOK33aHMM yCTpO^CTBa M MHBa3MBHOrO 

10 rn»OKOMeTpa npeBbicMT AonycrMMyio BeriMMMHy, 
HanpMMep 1 MMonb/n. 

B KawecTBe M3MepMTenbHoro sneMeHra 
TeMnepaTypbi m TennoBoro noTOKa b ycrpoMCTBe, 
peanM3yi0U4eM npeanaraeMbiM cnoco6, mo)kbt 

ObTTb npMMeHeH Z-TepMMCTOp, KOTOpbIM B 

15 omMMMe ot NTC-TepMMCTopa o6naAaeT Sonee 

BblCOKOM MyBCTBMTenbHOCTbK) M CnOCOOHOCTblO 
4)MKcaL(MM HeKOTOpOM 3apaHee Bbl6paHHOM 
TeMnepaTypbi pe3KMM MSMeHeHMeM cbomx 
napaMeTpoB, hto AaeT B03MO)KHOCTb nonyHMTb 

MHCtX)pMaU>1K) O AOCTWKeHMM KOH i^e HTpai^M e M 

20 rruoK03bi b kpobm onpefleneHHoro 3apaHee 
BbiCTaBnyieMoro noporoBoro vdobhw, 3a 
npeAenaMM KOToporo HacrynaeT yrpo3a 
3AOpOBbio AaHHoro nai^MeHTa. ripMMeHeHMe 
Z-TepMMCTopa o6ecneMMBaeT Taiwe 
BO3M0)KHocTb HenocpeACTBeHHoro 
npeo6pa30BaHMfl M3MeHeHM» TeMnepaTypbi b 
M3MeHeHM« nacTOTbi m aMnnMTyAbi BblXOAHOrO 
Hanp»KeHMfl (B.fl. 3otob. Z-TepMMcropbi, CHIP 
News. T. 1(34), c. 37, 1999). 3to 
cyu^ecTBeHHO ynpou4aeT sneKrpoHHyK) cxeMy m 

3q n03B0nneT 3HBM MTenbHO CHM3MTb CTOMMOCTb 

HocMMoro nau^MeHTOM ycTDOMCTBa. B HanSonee 
npocTOM m AetueBOM BapMame B03M0>KHa 

Bb|A3Ma MH4>OpMai^MM O AOCTM>KeHMM pa3nMMHbix 

ypoBHeM KOHLieHTpai^MM rnioK03bi c noMou^bK) 

3ByKOBblX CMmanOB pa3nMMHOM MaCTOTbl. 

35 HanpMMep, npM aocthwchmm KOHLfeHTpau^M e ih 
rnK5K03bJ kdobm BepxHero AonycTMMoro npeAena 

ee 3H3MeHMM BblAaeTCfl BWCOKOHaCTOTHbIM 

3ByKOBOM CMman, a npn aoctmkbhmm HM>KHero 
npeAena - HM3KOHacTOTHbiM 3ByKOBOM CMman. 
3to cymecTBeHHo ynpou^aeT KOHCTpy ku^m \o 
40 ycTDOMCTBa m AaeT B03MO>KHOCTb nau>ieHTy 
nonyMaTb TeKytAyio ynpejKAajomyio MHcfxjpMaL^Mio 

O AOCTM)KeHMM KOHL\eHTpat_lkieM mK>K03bl KDOBM 

Toro MnM MHoro c|jMKCMpoBaHHoro yDOBHfl C 
L^enbio npMHflTMn Mep ero M3MeHeHM«. 

ripMMeHeHMe b yorpoMCTBe Z-TepMMCTopa 
no3BonHeT c noMOU4bK> npocTeiiujeC* cxeMw 
peanM30BaTb ero paooTy b 

HacrroTHO-aMnnMTyAHOM pe>KMMe, to ecTb c 
M3MeHeHMeM TeMnepaTypbi m TennoBoro noTOKa 
nponopu>iOHanbHO M3MeHflK>Tcn HaoroTa m 

50 aMnnMTyAa sneiapMMecKMX MMnynbcoB. 
HyBCTBMTenbHOCTb AaTMMKa npM stom 
cymecTBeHHo Bbime no cpaBHeHMto c AaTHMKOM, 
Mcnonb3yiou^MM NTC-TepMMCTop. PaooTa a 
aMnriMTyAHO-MacroTHOM pe>KMMe no3BonneT 
Mcnonb30BaTb ycwnMTenb nepeweHHoro TOKa, mto 

55 AaeT B03Mo>KHocTb AOCTMmyTb nyMLuero 
cooTHOujeHMfl CMman/ujyM m noBbicMTb 
cTa6nnbHocTb pa6oTU y orpoM ctb3, a TaiOKe 
ynpou^aeT MHrep4>eMC nepeAaHM AaHHbix b 
KOMnbioTepHbjft MOAynb ycrpOMCTBa. 

npM npOBeAeHMM COB peMeHHOM MHTeHCM B Ho\h 

60 MHcynMHOTepanMM oonbHoro caxapHbiM 
AMa6eTOM npMMeHeHMe npeAnaraeMoro cnocooa 
m ynoMHHyToro ycTpoMCTBa b coneTaHMM c 
M3no)K6HHOM MeTOA^KOM nepcoHanbHOM 

KanM6pOBKM, ee OL\eHKM M KOppeKTMpOBKM 

no3BonMT . ocymecrannTb HenpepbtBHoe 
cne^eHMe 3a cocTOHHMeM rnioK03Horo o6MeHa b 



opraHH3Me 6ojibHoro caxapHWM Ana6eTOM r c 
ynpe>KAeHMeM no BpeMeHW cwmanHSHpoBaTb 06 

OnaCHblX OTKflOH6HM50( eTO OT HOpMbi, COKpaTMTb 

KonnMecTBo 3a6opOB kpobm Ann aHannaa v\ 
pacxofl AoporocTO«mnx Tecr-nonocoK k 
rn k) KOMeTpaM oonee mbm b 10 pa3 no cpaBHeHwo 
c Mcnonb30BaHneM Ana Menefi mhtbhcmbhom 
HHcynnHOTepannn o6bWHbix MHBa3MBHbix 
rnioKOMeTpoB, KorAa naijMeHT AonweH 
eweaHeBHo npoBOAHTb 5-7 3a6opoB kdobm M3 
nanbi^a c ncno/ib30BaHneM TecT-nonocoic. 

Wcnojib30BaHMe peanii3yK>mero 3a«BneHHbifi 
cnoco6 ycTpovicTBa no3BonnT ocymecTBHTb 

HenpepblBHbIM HeMHBaaMBHblM MOHMTOpMHI" 

coctohhhh rjiK)K03Horo o6MeHa 6onbHoro 
caxapHWM Ana6eroM, ynpe>KAaK>myK> 
cnmajiM3ai4MK) 06 onacHbix coctohhuhx 3Toro 
o6MeHa npn npocroTe KOHCTpyKi^nn ycTpoficTBa, 

HM3KO& CTOMMOCTH erO npOM3BOACTBa M 

3KcnnyaTaqnn, hocmmom namteHTOM wcnonHeHHH 
m Bbicoioix TexHMKO-SKcnnyaTai^MOHHbrx 
CBOMCTBaX TaKoro ydpoMCTBa. 

Oopwiyna M3o6peTeHM5i: 

1. Cnoco6 H6MHBa3MBHoro onpeAejieHMfl 

KOHUeHTDaqMH l71K)K03bl B KpOBH, BKJlfOMaJOlHUH 

ncnonb30BaHne M3MepwTenbHoro ycipoMCTBa, 
omMMaioLMMMcn TeM, MTO npOBOAHT 
HenpepblBHblfi MOHMTOpMHr KOHLjeHTpaLJVIH 
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15 



20 



25 



30 



miOK03bi b kpobh nyTeM M3MepeHH« b oSnacTM 
noBepxHOCTHbix BeH ronoBbi TeMnepaTypbi Tena 

M KOHAy KTM BHbDC TenAOSblX nOTOKOB C nOMOl^bK) 

AaiMMKOB M3MepnTenbHoro ycrrpoMCTBa, a 
KOHLjeHTpaiiwo rnioK03bi (Xg*) onpeAen*K>T no 
4>opMyne Xg'= X^X 2 \ we X^= W^sJXt*, 
X 2 *= Kn W Tn(s)Xn*, rp,e X T * - 6e3pa3MepHoe 
oTicnoHeHMe TeMnepaTypbi ot ycraHOBMBiueroca 
3HaMeHM«, X n * - 6e3pa3MepHoe oTKnoHBHH© 
TennoBoro noTOKa ot ycTaHOBHBiiierocfl 
3HaweHnfl f W Tn (s)= 1/("PrnS + 1) - nepeAaTOHHaa 
(pynwyin KomjeHTpaLiMii rntoK03b» b kdobm no 
TeMnepaType m TennoBOMy noTOKy, T Tn - 
3KcnepiiMeHTanbHo onpeAenaeMaa nocTOHHHaa 
BpeMeHu nepexoAHoro npoijecca, Kn 
3Kcnepi4M6HTanbHO onpeAenHeMbM 
6e3pa3MepHbifi Koa^x^MLiMeHT, s= d/dt - 
onepaTop AM(M>epeHi^ipoBaHM5i. 

2. CnocoS no n. 1, ommaiowflftca tgm, mto 
b KanecTBe AaTHMKOB TeMnepaTypbi ncnonb3yioT 

Z-TepMMCTOpbl, KOTOpbie cf)MKCMpy»OT Ha 

noBepXHocTM ronoBbi c noMoujbK) ynpyroro 
aneMeHTa m M3onnpyioT ot BHeuiHetf cpeAbi 
TennoBoii morimjpeft. 

3. Cnoco6 no nn. 1 m 2, OTnnMaioinnJic« TeM, 
mto cnrHann3aMMK) o KOHL^eHTpat^Hii rn»OK03bi 
ocymecTBnsioT c noMombto TOHanbHoro cumana 
m Ancnnea. 
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glucose concentration by means of measuring instrument. 
Continuous blood glucose concentration monitoring is earned out by 
measuring heat flows in the area of head superficial veins by means 
of measuring instrument transducer. Glucose concentration ((X g)) 
is calculated from a formula X*g = X*1+X*2, where X*1 = WThf(s) 
X*T X*2 = KhfWThf(s)X*hf„ where XT - the dimensionless 
temperature from steady state value, X*hf - the dimensionless heat 
flow deviation from steady state value, WThf(s) = 1/(TThf x S+1) is 
the transition function of blood glucose concentration with respect to 
temperature and heat flow, TThf is the experimentally stated 
transient process time constant Khf is the experimentally stated 
dimensionless coefficient, s = d/dt is the differentiation operator. Z- 
thermistors are used as temperature pickups pressed against head 
surface by means of elastic member and insulated from ambient 
space by means of heat insulation members. Glucose concentration 
information is represented by means of tonal signal and display unit 
EFFECT: enhanced accuracy of measurements. 3 cl, 2 dwg, 2 tbl 
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